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Old order in new supercapacitor electrodes. Combined hard-and salt-templating is used fo r the synthesis of hierarchical carbon materials with combined ordered mesoporous and micropores. The porosity in both pore systems can be tuned over a wide range and the materials offer high ion storage capacity and outstanding capacity retention at high current density in electric double-layer capacitors with diffe rent electrolytes. A microporous shell surrounding the individual particles leads to lower internal resistance of the electrodes.
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Introduction
Owing to the increasing electrification of the world, there is an ever-growing demand for the high-performance, cost-effective, and environmentally-friendly electrochemical energy storage systems Y J Electric double-layer capacitors (EDLCs) have attracted considerable attention in recent years due to their high specific power, long cycle life, and ability to bridge the power/energy gap between conventional capacitors (high power but low energy) and batteries/fuel cells (high energy but low power) Yl In contrast to batteries and battery-like systems based on chemical conversiOns, charge storage in EDLCs is achieved by electrosorption of electrolyte ions on the surface of charged electrode materials and comparable physicochemical processes, such as changes in solvation and solvent structure.
Such devices do not depend on potentially time-consuming redox-reactions and are thus attractive for applications with short time constants (usually in the order of 10-2 -10 2 s) [3J for charge-discharge (e.g., brake energy recovery in cars or recovery of the lift energy in cranes). l 4 l EDLCs stand out by long cycle life [ 2b J and a broad range of operating temperatures Yl However, in most cases the inferior energy density of EDLCs [6 J (lower than 10 Wh kg-' for commercial devices) is a significant drawback for their commercial application. It remains an enormous challenge to promote the energy density of EDLCs without sacrificing their most valuable characteristics, the distinguished power density and superior cycling stability. Insights into the fundamentals of the charge storage mechanisms with novel characterization techniques and advanced design of electrode materials are needed to enable high energy EDLCs. [ ?J These two fields of research often go hand in hand, that is, fundamental investigations are often more straightforward if well-defined model substances · 1· d c h · [7 c 7e] are ut1 1ze 10r sue expenments. ' Nanoporous carbons are highly attractive electrode materials for EDLCs due to their large specific surface area, high electric conductivity, as well as excellent chemical/thermal stability.
[SJ In general, the pore structure of carbon materials influences the specific capacitance and rate capability through two major aspects: (1) narrow micropores with diameters in the range of the size of the electrolyte ions result in high capacitance because the solvation shell can be partially "stripped off' and the ions experience strong adsorption due to simultaneous electronic interaction with both sides of the pore wall; [9J (2) Additional "transport highways" such as ordered mesopores (i.e., pores of 2-50 nm in size of uniform geometry and orientation) enable rapid diffusion of electrolyte ions onto the inner surface of the porous electrode J 1 0 l These additional transport paths will decrease the volumetric efficiency of the EDLC device but can give rise to outstanding rate capability because the high storage capacity of the micropores can only be utilized under high-power conditions if the ions have rapid access to these adsorption sites. [ S a, ''l Thus, to enhance the overall performance of EDLCs, one promising approach is the use of carbon electrode materials with hierarchical pore design combining micropores of appropriate size and ordered mesopores.
More relevant than the use in practical devices, such materials are ideal candidates for the investigation of general operating principles and transport mechanisms in EDLCs either by standard electrochemical characterization techniques [ !Ob , JOcJ or by more sophisticated methods.
[? c, 1 2 l However, there is still a lack of facile approaches to synthesize ordered mesoporous-microporous carbon materials (OMMCs) with controllable size, geometry, ratio, and connectivity of the pores in each single and between the different pore systems.
Typically, OMMCs are accessible via hard-/soft-templating approaches for mesopore formation, followed by subsequent introduction of smaller pores by etching silica cotemplates, l'3 l chemical activation, l' 4 l or metal extraction from mesoporous carbides. In the Raman spectra ( Figure 1b and Figure S2 ), the D-band near 1340 cm-1 originates fr om the breathing modes of the six-fo ld sp 2 -hybridized carbon rings in the presence of defects and disorder. At the same time, the presence of traces of inorganic residuals cannot be ruled out fo r these samples. The onset temperatures of the decomposition of OM-HSTCs is larger than fo r OM-HTC _ 0 _ 2.05, which can be ascribed to their higher degree of aromatization as revealed by
Raman spectroscopy. The STC _ 2 carbon obtained by salt-templating without hard-template shows a higher residual mass and therefore the presence of zinc species in this sample, presumably trapped in isolated pores, cannot be ruled out. In case of OM-HSTC _ 2 _ 2.05, on the contrary, some mesopores are present after carbonization which allow fo r efficient removal of zinc species fr om the carbon fr amework ( Figure Sl) . In accordance, the residual zinc in this material detected by electron dispersive x-ray spectroscopy (EDX) after washing is below 1 wt% in both SEM and TEM mode. With the increase of ZnCb, the average mesopore diameter increases fr om 4.4 nm (OM-HTC 0 2.05) to 6.6 nm (OM-HSTC 1 2.05) and to 9.9 nm (OM-HSTC 2 2.05)
accompanied by a broader distribution. This can be ascribed (in addition to the minimization of shrinking discussed above) to fo rmation of a surface layer of liquid ZnCb inside the nanochannels of SBA-15 (Scheme 2). The positively charged-Lewis acidic Zn 2+ ions are prone to interact with the pore walls of the negatively charged, electron lone pair rich SBA-15 during the impregnation step. Therefore, the salt-template distributes partly along the channel and partly inside the carbon precursor into the channels of the silica. This causes the growth of the mesopores between the cylindrical carbon rods after the removal of SBA -15, that is, the mesopore size of the carbon is a sum of the size of the pore walls of SBA-15 and two times the thickness of the salt layer. The precise control of the mesopore sizes can be used to tailor the size of ordered mesopores at a given hard-template and is a unique fe ature of the salttemplating approach if compared to previously reported synthesis methods fo r OMMCs.
Scanning electron microscopy (SEM) shows that OM-HTC_0_2.05 ( Figure 3a ) and OM-HSTC samples (Figure 3c A microporous shell is present around the individual particles in both OM-HSTC _1_ 2.05
and OM-HSTC_2_2.05 (Figure 3c ,e), which partly encompasses the ordered carbon rods.
OM-HSTC particles thus exhibit a core-shell structure built up by an ordered mesoporous core and a disordered microporous shell. This may be caused by an excess of salt/ precursor mixture surpassing the pore volume of SBA-15 templates. As OM-HTC_0_2.05 without shell is synthesized with the exact amount of sucrose to fill the pore volume of SBA-15, the mesopores are potentially overfilled with additional ZnCb. As a result, in the case of OMHSTCs, a certain amount of the mixed precursor remains outside the SBA-15 particles after impregnation, which turns into the microporous shell after carbonization. Accordingly, further increase of the amount of sucrose in the sample OM-HSTC_2_3 (ZnCb: sucrose:SBA-15 = 6:3:1 by weight) also leads to an ordered mesoporous core but with a thicker microporous shell ( Figure S6a,b) . OM-HSTC_2_3 is still highly porous with a SSA of 1938 m 2 g-1 and total pore volume of 1.582 cm 3 g-1 ( Figure S6c ) but the higher concentration of sucrose leads to a slight decrease of the porosity and a less well-defined pore size distribution ( Figure S6d ).
In contrast to the ordered materials, STC _ 2 presents a rather disordered and macroporous morphology without regular geometries ( Figure S7 ).
To establish structure-performance relationships of OM-HSTCS fo r electrochemical energy storage with supercapacitors, the samples were fabricated into electrodes and characterized with cyclic voltammetry (CV) tests, galvanostatic charging/discharging with potential limitation (GCPL), and electrochemical impedance spectroscopy (EIS) in a common organic electrolyte (1 M TEABF4/AN), a typical aqueous electrolyte (1 M Na 2 S04/H 2 0), and solvent-free ionic liquid (EMimBF4).
In TEABF4/AN, OM-HSTCs present rectangle-like CV curves (0-2.5 V) without an obvious distortion even at a scan rate as high as 500 m V s-1 , indicating pronouncedly capacitive behavior with a high rate capability ( Figure 4a , Figure S8 ). The specific capacitance of OM-HSTC_2_2.05 (calculated by GCPL) reaches 133 F g-1 at a specific current of 0.1 A g-1 , which is 34%, 56%, and 39% higher than that of OM-HSTC_1_2.05
(99 F g-1 ), OM-HTC_0_2.05 (85 F g-1 ) and STC_2 (96 F g-1 ; Figure 4c) . At a specific current of 40 A g-1 , the specific capacitance of OM-HSTC _ 2 _ 2.05 is still 126 F g-1 (about 95% of its initial capacitance). The galvanostatic charging/discharging curves (Figure 4b The EDLC performance shows that the OM-HSTCs provide not only higher specific capacitance, but also a rate capability which is superior to that of OM-HTC _ 0 _ 2.05. The observed excellent capacitance of OM-HSTCs could be attributed to their high specific surface area and micropore volume ( Table 1 ) which offers many active sites fo r ion adsorption with optimum size to distort solvation shells and provide close approach of the ions to the pore walls. The increase of salt-templates further enhances these two positive fa ctors by increasing the size of ordered mesopores and the micropore volume, leading to the higher capacitance and rate capability of OM-HSTC_2_2.05 compared to OM-HSTC_1_2.05.
To further understand the difference of rate capabilities between the carbon samples, EIS was employed to characterize the impedance behaviors of EDLCs based on diffe rent carbon electrode materials (Figure 6a,c) . (Figure 7f and Figure S12) we see that the major difference between the samples is the larger amount of mesopores in OM-HSTC 1 1.31 than in OM-HSTC 1 2.05 (Table 1) . This is reasonable because the carbon materials that can be found in the literature [6 , ?g, ?h, 9eJ confirms its high performance ( Figure 9a ). This property is attributed to the high content of micropores for ion storage and the ordered mesopores for fast charge transfer, as well as the thin microporous shell for reduced electric resistance. Yet, the low density of the highly mesoporous OM-HSTC electrodes (�0.3 g cm-3 ) leads to a moderate energy density (<10 Wh L-1 and < 20 Wh L-1 in organic and IL electrolyte, respectively).
Conclusions and outlook
Ordered mesoporous carbon with high content of micropores can be synthesized by a novel combined hard/salt-templating method. Large specific surface area up to 2649 m 2 g-1 and high pore volume exceeding 2.2 cm 3 g-1 are obtained when applying optimized synthetic conditions. The synergic effects of the large amount of micropores, highly ordered mesopores, and a thin microporous shell endow abundant active sites for charge storage, efficient electrolyte transport, and improved electrical conductivity, resulting in the superior EDLC performance. EDLCs based on OM-HSTC electrodes achieve high specific capacitance 
Experimental Section
Synthesis of OM-HSTCs and reference carbons: For the synthesis of OM-HSTCs, ordered mesoporous silica (SBA-15, hydrothermally treated at 130 °C) and ZnCb were employed as hard-and salt template, respectively. In a typical procedure, 1.0 g SBA-15 was first impregnated with 4 mL of an aqueous solution of 1.25 g sucrose, 2.5 g ZnCb, and 0.14 g concentrated sulfuric acid in a petri dish. The mixture was then heated to 100 o c and held fo r 6 h fo llowed by subsequent heating to 160°C fo r another 6 h under air to polymerize of the carbohydrate molecules. Afterwards, the mixture was impregnated again with 3 mL of an aqueous solution of0.8 g sucrose, 0.8 g ZnCb, and 0.09 g concentrated sulfuric acid, fo llowed by repeated heating to 100 oc fo r 6 h and 160 o c fo r 6 h. The polymerized carbohydrate was carbonized and the salt template was removed in a horizontal tubular furnace at 900°C fo r 2 h under N 2 flow. The heating ramp was set to be 60°C h-1 fr om room temperature to 300°C and (Table Sl) . Hard-templated ordered mesoporous carbon CMK-3 (herein referred to as OM-HTC _ 0 _ 2.05) and salt-templated microporous carbon (STC _ 2) were employed as reference samples. OM-HTC _ 0 _ 2.05 was synthesized by the similar procedure as OM-HSTC _ 2 _ 2.05 without the addition of salt templates. STC _ 2 was prepared by the salttemplate method. Typically, 5 mL aqueous solution of 2 g sucrose, 4 g ZnCb and 0.2 g concentrated sulfuric acid was dried at 1 00°C fo r 6 h, before being heated to 160 o c and kept fo r 6 h. The mixture was then transferred to a horizontal tubular furnace fo r carbonization at 900 o c fo r 2 h under N 2 flow (150°C h-1 heating rate). 
Fabrication of EDLCs and electrochemical measurements:
To prepare fr ee-standing electrodes fo r EDLCs, carbon materials and polytetrafluoroethylene (PTFE, 60 wt% solution in H 2 0 fr om Sigma Aldrich) were mixed with a mass ratio of �9: 1 in ethanol. The solution was then transferred to a glass plate and mixed with razor blades until it changed to a rubberlike consistency. Then it was placed into aluminum fo il and rolled to uniformly thin sheets (thicknesses 180±10 flm) using a commercial roll mill, fo llowed by punching into fr eestanding electrode disks of 10 mm in diameter. The areal density of an electrode was about 4 mg cm-2 . The electrodes were dried at l20°C fo r 12 h under vacuum. EDLCs were tested with a symmetrical two-electrode configuration employing three diffe rent electrolytes, namely 1 M Na 2 S04 aqueous solution, 1 M tetraethylammonium tetrafluoroborate/acetonitrile solution, and 1-ethyl-3-methylimidazolium tetrafluoroborate (2:99.0%, Sigma Aldrich).
Typically, a custom-built cell (with a spring to control the pressure at 10 MPa and highly conductive titanium pistons) [ 2 4 l was assembled using a pair of circular electrodes sandwiching a separator, with 100 f.! L electrolyte and two platinum fo ils as current collectors.
Commercially available Dreamweaver Silver (Dreamweaver International Inc .) separator of Cyclic voltammetry (CV) tests were performed at scan rates of 2-500 m V s· ' . The carbon differential gravimetric capacitance fo r CV plots, Cd (F g· ' ), and the integral gravimetric capacitance, C (F g-1 ), were calculated according to the fo llowing equations:
where I is the current (A), y is the scan rate (V s· ' ), and m is the active mass in a single carbon electrode (g).
Galvanostatic charge/discharge with potential limitation (GCPL) was applied at specific currents between 0.1 and 40 A g· ' in diffe rent cell voltage ranges ( -0.5 V to +0.5 V, 0 to +2.5 V, and 0 to +3.5 V fo r aqueous, organic and ionic liquid electrolytes, respectively). The carbon gravimetric capacitance, C (F g-1 ), was calculated according to the fo llowing equation:
Where Qd is (C) is the charge of the discharging cycle, V (V) is the discharging potential change, Vdrop (V) is the voltage drop at the beginning of the discharge, and m (g) is the active mass in a single carbon electrode.
The specific energy, E (Wh kg-1 ) and specific power, P (W kg-1 ) of EDLCs were estimated via:
where V (V) is the discharging potential change, Vdrop (V) IS the voltage drop at the beginning of the discharge, !::.t (s) is the discharging time.
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The energy density, Ev (Wh L-1 ) and power density, Pv (W L-1 ) ofEDLCs were calculated by:
where p (g cm-3 ) is the density of carbon electrodes, E (Wh kg-1 ) and P (W kg-1 ) are the specific energy and the specific power of carbon electrodes, respectively.
For long-term stability tests in organic electrolyte, the cells were charged and discharged by galvanostatic cycling fo r 10,000 cycles. Afterwards, the voltage was kept at 2.5 V fo r 100 h, and the specific capacity was measured every 10 h by galvanostatic cycling at 20 A g-1 .
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